r Balloon-assisted enteroscopy (BAE) is an emerging standard procedure by utilizing distensible balloons to facilitate deep endoscopy in the small and large intestine. Sporadic cases of bacteraemia were found after BAE.
Introduction
Balloon-assisted enteroscopy (BAE) is an emerging standard procedure to evaluate and diagnose intestinal diseases by utilizing distensible balloons to hold or pleat intestines to facilitate deep endoscopy (Law, 2016; Moreels, 2017) . The use of device-assisted techniques with balloon distension has provided major breakthroughs in endoscopy, allowing more efficient biopsy collection throughout the small and large intestine (Kurzynske et al. 2015; Chung et al. 2016) . The intestinal tract is the main reservoir of bacteria in the human body, and in which microbes are confined in the gut lumen by mucosal barriers Yu, 2015) . To date, the impact of balloon distension by BAE on intestinal barriers and bloodstream bacterial infection remains unclear.
The mucosal barrier plays a pivotal role in shielding the body proper against the influx of intestinal bacteria and microbial antigens. The loss of barrier integrity results in translocation of bacteria to systemic bloodstream and aseptic viscera, predisposing the host to septic complications and systemic inflammatory syndrome Lu et al. 2017) . Physical compression of gut tissue may lead to temporary lack of vascular blood flow that reduces the delivery of oxygen to tissues. The drop of oxygen levels, termed hypoxia, may impact biological processes and survival of cells. Abundant studies have shown that ischaemic challenge causes surface epithelial cell death and results in intestinal barrier damage and bacterial translocation (Huang et al. 2011 Lu et al. 2012) . Hypoxia for a prolonged period induced various types of intestinal epithelial cell death, including apoptosis, necrosis and necroptosis, which eventually leads to tight junctional destabilization and cellular detachment (Saikumar et al. 1998; Amin et al. 2008; Huang et al. 2013) . Paradoxically, protective effects in tissues and cells have also been found after intermittent hypoxia. Hypoxic preconditioning ameliorated the histopathological injury caused by subsequent ischaemia in various organs (Ahmad et al. 2003; Liu et al. 2005; Bernhardt et al. 2006; Lu et al. 2012 Lu et al. , 2017 . Whether short-or long-term hypoxia by balloon distension in BAE elicits differential barrier-modulating effects in intestinal epithelium remains elusive.
Intestinal epithelial cells are linked with tight junctions (TJs), forming a monolayer to cover the inner surface of the gut wall. TJ proteins are multi-protein complexes, including transmembrane claudins and occludin, and intracellular zonula occludens. The TJ proteins seal off the paracellular spaces against macromolecules such as bacteria but allow rate-limiting fluxes of micromolecules such as ions (Catalioto et al. 2011; Camilleri et al. 2012; Suzuki, 2013; Landy et al. 2016) . To date, the impact of BAE-induced hypoxia on intestinal permeability and TJ assemblies has not been assessed.
Our aims were to (1) conduct a prospective clinical study to gather microbiological and molecular evidence of bacterial translocation in the peri-procedural period of BAE in human patients, (2) establish a novel animal model to mimic BAE by colonic balloon distension to evaluate tissue hypoxia and intestinal barrier change, and (3) decipher the molecular changes in TJ proteins following various times of hypoxia using human cell lines.
Materials and methods

Ethical approval
The human research protocol was approved by the research ethical committee of National Taiwan University Hospital, registered in clinicaltrials.gov (NCT01065324), and conformed to the standards set by the latest revision of the Declaration of Helsinki. Written informed consents were obtained before enrollment. All animal study protocols were approved and monitored by the Institutional Animal Care and Use Committee of National Taiwan University. The animals were killed by pentobarbital overdose. The anaesthesia and interventional procedures comply with the animal ethics checklist of The Journal of Physiology.
Procedure of balloon-assisted enteroscopy
A prospective observational study was conducted in a university-affiliated medical centre in Taiwan. Thirteen patients (5 women and 8 men, mean age 50 ± 17 years) with clinical indications for BAE were prospectively enrolled after obtaining informed consent (NCT01065324). All patients received intravenous midazolam and oxygen supplementation of 2 l min −1 with nasal cannulae during BAE. Seven procedures were performed using the oral route and the other six using the anal route. Patients with active infection or recent antibiotics use were excluded. Blood samples were obtained from peripheral blood before and after BAE for paired comparison. Blood samples were tested for bacterial culturing on Luria-Bertani (LB) agar plates. Bacterial 16S rDNA was amplified by PCR with universal primers and the sequence was checked in the BLAST database following an established protocol Yu et al. 2014) .
Animal model of balloon distension
Male BALB/c mice (7-8 weeks of age) obtained from the Animal Centre of National Taiwan University College of Medicine were housed in a temperature-controlled room (20 ± 2°C) with 12 h light-dark cycles, and fed regular chow and water. To mimic BAE in humans, mice were subjected to balloon distension in the proximal or distal colon by using paediatric balloon-tipped urinary catheters which were anally inserted to a length of 9 or 2.5 cm, respectively. Animals were randomly assigned to six groups (n = 6 per group): (1) sham operation with a deflated balloon in the proximal colon; (2) sham operation with a deflated balloon in the distal colon; (3) short-term proximal colon distension (PCD); (4) long-term PCD; (5) short-term distal colon distension (DCD); and (6) long-term DCD.
Mice were orogavaged with 1 mL polyethylene glycol and fasted overnight. On the day of experiments, mice were anaesthetized with sodium pentobarbital (50 mg kg −1 , I.P. injection) prior to the distension procedure with repetitive cycles of balloon inflation (on) and deflation (off). A short-term protocol (on/off: 3/2 min, 10 cycles) and a long-term protocol (on/off: 15/5 min, 3 cycles) were used for both PCD and DCD. Sham controls had the catheters and balloons inserted without distension. Animals underwent laparotomy immediately after the balloon distension protocols under surgical anaesthesia, and the colonic segments were exposed for the measurement of tissue hypoxia levels. Animals were killed either by pentobarbital overdose (200 mg kg −1 , I.P.) or by excision of colonic segments under surgical anaesthesia to examine macromolecular permeability and junctional structures (see below). Animal death was confirmed by exsanguination.
Determination of tissue hypoxia by a light spectroscopic method. A tissue oxygen monitor (moorVMS-OXY, Moor Instruments Ltd, Axminster, UK) was used for measuring the relative concentration of oxygenated haemoglobin (oxyHb), relative concentration of deoxygenated haemoglobin (deoxyHb) and tissue oxygen saturation (S t O 2 ). After reaching equilibrium, the time point of the experiment was set as 0 min, and the animals received balloon distension according to their grouping and treatment protocol. After anaesthetization with sodium pentobarbital (50 mg kg −1 , I.P. injection), mice underwent midline laparotomy to expose the colonic regions which were distended by balloon inflation. The animals were placed on heating pads during the surgical procedure. The serosal muscular layer of the colon was continuously examined using a full-field laser perfusion imager (moorFLPI, Moor Instruments). The animals were killed by pentobarbital overdose and colonic tissues were collected at the end of the experiment.
Ussing chamber studies and intestinal permeability assay
Mouse intestinal segments were excised and immediately placed in warm Krebs buffer for mounting onto Ussing chambers (WPI Instruments, Sarasota, FL, USA). The opening area of 0.7 cm 2 exposed the tissues to 5 ml of circulating oxygenated Krebs buffer, of which the serosal buffer contained 10 mM glucose that was osmotically balanced with 10 mM mannitol. A circulating water bath maintained the temperature of the buffer at 37°C. Tissues mounted onto the chambers were allowed to equilibrate before the dextran probe [dextran conjugated to fluorescein isothiocyanate (FITC)] (MW = 4000, Sigma, St Louis, MO, USA) were added at a final concentration of 500 mM to the luminal side. Intestinal permeability was determined by collecting the serosal buffer (250 μl) every 30 min after addition of dextran-FITC and the fluorescence units were determined using a multi-mode plate reader (Beckman Coulter, Fullerton, CA, USA) as previously described Yu et al. 2014; Lu et al. 2017) .
Analysis of bacterial translocation to extra-intestinal organs. The liver and spleen were removed from animals with sterile instruments and the tissue weights were determined. The tissues were homogenized and sonicated with sterile PBS at a ratio of 1 mg to 10 μl, and inoculated onto fresh blood agar plates (Scientific Biotech, Taiwan) . Following incubation at 37°C for 24 h, bacterial colonies were counted and normalized to colony-forming units per gram of tissue (CFU g -1 ) Yu et al. 2014) .
Cell lines
Human colonic carcinoma Caco-2 epithelial cells (ATCC CRL-2102 clone C2BBe) were cultured in Dulbecco's modified Eagle's medium (DMEM) (Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS), 0.011 g l −1 human holo-transferrin, 100 U ml −1 penicillin, 0.1 mg ml −1 streptomycin and 15 mM Hepes (Sigma) (Clark et al. 2005; Wu et al. 2011) . Cells were incubated in a 37°C incubator with 5% CO 2 for 7-10 days until confluency. Cells were seeded in 12-well plates, 8-well chamber slides or 0.4 μm pore-size transwells (Corning Costar, NY, USA), in a concentration ranging from 1 to 2 × 10 5 cells cm −2 . Caco-2 cells were exposed to either normoxia (5% CO 2 and 95% air) or hypoxia (5% CO 2 and 95% N 2 ) for various times, or were exposed to hypoxia followed by reoxygenation. The transepithelial electrical resistance (TER) of cells was measured using an electrovoltohmeter (EVOM; WPI Instruments). Paracellular permeability was assessed by apical-to-basolateral transport of a dextran probe (MW 3000) conjugated to fluorescein J Physiol 596.15 isothiocyanate (FITC; Invitrogen, Carlsbad, CA, USA). In additional experiments, cells were pretreated with inhibitors 30 min prior to hypoxic exposure. These inhibitors included SP600125 [a c-Jun N-terminal kinase (JNK) inhibitor], SB203580 (a p38 inhibitor) and PD98059 [a mitogen-activated protein kinase kinase (MKK) inhibitor]. In other settings, hypoxia-mimicking chemicals such as oligomycin A [1 μM, an inhibitor to mitochondrial complex V (ATP synthase)] and rotenone (1 mM, an inhibitor to mitochondrial complex I) were administered to cells. All reagents were purchased from Sigma.
Immunofluorescent staining of TJs
Cells were fixed with 4% paraformaldehyde for 1 h at 4°C and were permeabilized with 1% Triton X-100 for 1 min and blocked with FBS for 1.5 h at room temperature. Cells were then incubated with rabbit anti-ZO-1 (1:50, Invitrogen) or anti-occludin (1:50, Invitrogen) overnight at 4°C. After washing with PBS, cells were incubated with goat anti-rabbit IgG conjugated to Alexa Fluor 488 or 596 for 1 h at room temperature. The slides were washed and stained with a Hoechst dye to visualize cell nuclei. Images were captured under a Zeiss fluorescence microscope equipped with a camera (Wu et al. 2011; Huang et al. 2013) .
Western blotting
Cells were lysed with complete RIPA buffer, and the lysate was centrifuged (14,000 g, 15 min) for collection of supernatants as previously described (Kuo et al. 2015 (Kuo et al. , 2016 . Protein samples were adjusted to 5 mg ml −1 , dissolved, and boiled in 2× electrophoresis sample buffer. The samples were frozen at −20°C until used for Western blotting. Extracted protein samples were subjected to SDS/PAGE (4-13% polyacrylamide), and the resolved proteins were electrotransferred onto PVDF or nitrocellulose membranes in a semi-dry blotter. Blots were blocked with 5% (w/v) non-fat dry milk in Tris-buffered saline (TBS) or 5% (w/v) bovine serum albumin in TBS with Tween 20 (TBS-T) for 1 h at room temperature, washed three times with TBS-T [0.1% (v/v) Tween-20 in TBS] and incubated with primary antibody at 4°C overnight with gentle shaking. The membrane was washed with TBS-T and incubated with a secondary antibody for 1 h at room temperature and then washed with TBS-T. The membranes were incubated with chemiluminescent solution (ECL, Millipore, Billerica, MA, USA) for 1 min with gentle agitation. The signal was detected on a UVP AutoChemi system (UVP Inc., Upland, CA, USA). Band density was determined using Gel-pro Analyser 4.0 software (Media Cybernetics, Bethesda, MD, USA) (Huang et al. 2011; Wu et al. 2011) .
Primary antibodies included those targeting phospho (p)-and total (t)-JNK (1:1000), p-and t-ERK1/2 (1:2000), p-and t-p38 (1:1000), p-and t-IκBα (1:1000), pand t-Akt (1:1000), p-mTOR (1:1000), p-FoxO1/O3a (1:1000), p-GSK3α/β (1:1000), p-Bad (1:1000, all from Cell Signaling, Danvers, MA, USA), PI3K p85 (1:1000, Abcam, Cambridge, MA, USA), ZO-1 (1:500, Invitrogen), occludin (1:3000, Invitrogen), claudin-1 (1:1000, Invitrogen), claudin-2 (1:1000, Invitrogen), claudin-4 (1:500, Invitrogen), JAM1 (1:1000, Epitomics, Burlingame, CA, USA) and anti-β-actin (1:10000, Sigma). The secondary antibodies used were horseradish peroxidase-conjugated goat anti-mouse IgG or anti-rabbit IgG (1:1000, Cell Signaling).
Statistical analyses
All data are presented as mean ± SEM. All comparisons were made by one-way ANOVA followed by Student-Newman-Keuls post hoc test or by Student's t test (Sigma Stat). A P value less than 0.05 is considered significant.
Results
Clinical BAE and bacteraemia study
Thirteen patients (5 women and 8 men, mean age 50 ± 17 years) with clinical indications for BAE were prospectively enrolled, including seven procedures of the oral route and six of the anal route. Four of the 13 patients (30.8%) including 2 women and 2 men (aged 30-60 years) had positive bacterial DNA in blood after BAE. Notably, all bacterial sequences were reported as unculturable and unidentifiable bacteria. Among the four patients, two underwent oral routes while the other two received anal routes of BAE. No clinical symptoms of sepsis or fever were reported in the cohort.
In a subset of patients (n = 8, including 1 woman and 7 men) with complete endotoxaemia data, post-BAE endotoxaemia was higher than the pre-BAE level (3.48 ± 1 vs. 2.55 ± 0.48 EU ml −1 , P < 0.05). If based on the routes of BAE for stratification, 5 with oral routes and 3 with anal routes had higher post-BAE endotoxaemia. The breakdown of endotoxaemic patients suggested no obvious predisposition by the route of BAE, probably owing to insufficient patient numbers. Future studies larger human cohort are needed.
Changes in gut barrier function in a mouse model of balloon distension
Mice were subjected to balloon distension in proximal or distal colon using a paediatric balloon-tipped urinary catheter inserted from the anus. Repetitive cycles of balloon distension were performed in mice to mimic human BAE, including short-term and long-term protocols to induce PCD and DCD. Local hypoxia was observed in gut tissues during balloon inflation by using a white light spectroscopic method (Fig. 1) . Tissue oxygenation levels returned to baseline after balloon deflation in all cycles, except that of long-term PCD which showed irreversible hypoxia (Fig. 1) . The intestinal barrier function was then measured using a luminal-to-serosal macromolecular flux assay in Ussing chambers. In the proximal colon, a significant reduction of intestinal permeability was seen after short-term PCD, and a trend of increased permeability was observed after long-term PCD ( Fig. 2A and B) . In the distal colon, a trend of increased intestinal permeability was noted in long-term DCD but not in short-term DCD (Fig. 2C   and D) . Bacterial translocation to murine liver and spleen were observed only in a few cases, but without statistical significance (Fig. 2E-H) .
Distinct effects of short-and long-term hypoxia in epithelial barrier function
Human colorectal carcinoma Caco-2 cells, a wellestablished cell line for TJ studies, were exposed to either normoxia or hypoxia for various times to investigate alterations in barrier integrity. Cells exposed to hypoxia for 5 min or up to 1 h showed higher TER values, whereas those that underwent hypoxia for 48 h displayed a significant drop in TER accompanied by cell detachment and TJ destruction (Fig. 3) . No difference of apical-to-basolateral dextran flux was seen between cells exposed to normoxia (0.0034 ± 0.0004%) and to hypoxia To mimic BAE in humans, mice were subjected to balloon distension in proximal or distal colon. Tissue oxygenation levels in procedures of (A) short-term and (B) long-term proximal colon distension (PCD), and (C) short-term and (D) long-term distal colon distension (DCD). The distension procedures included repetitive cycles of balloon inflation (on) and deflation (off). A short-term protocol (on/off: 3/2 min, 10 cycles) and a long-term protocol (on/off: 15/5 min, 3 cycles) were used. * P < 0.05 vs. Baseline; # P < 0.05 vs. on. n = 5 per group.
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for 1 h (0.0045 ± 0.0005%), whereas those exposed to hypoxia for 24 h showed a slight increase in dextran flux (0.0723 ± 0.0349%). Dextran levels in cells exposed to hypoxia for 48 h were not measured due to partial cell detachment.
Chemically induced hypoxia by oligomycin A or rotenone also induced a two-phase change in epithelial barrier integrity (Fig. 4A-D) . To assess whether the barrier change by short-term hypoxia is reversible, cells were subjected to 1 h of hypoxia and reoxygenated for up to 12 h for measurement of TER. The hypoxia-induced TER increase was reduced to baseline within 30 min of reoxygenation (Fig. 4E) . Moreover, similar patterns of increment and reduction of TER were observed by repeating three cycles of hypoxia followed by reoxygenation (Fig. 4F) , suggesting rapid reversibility of barrier integrity. 
Molecular mechanisms of barrier fortification by short-term hypoxia
The TJ protein complexes involved in the regulation of barrier function by -erm hypoxia were further identified. Total cellular levels of ZO-1, occludin, claudin-1/2/4 and JAM-1 were not altered after short-term hypoxia (Fig. 5A) . However, increased levels of ZO-1, occludin, claudin-1 and JAM-1 were found in the detergent-insoluble fraction of cell sample preparations, indicating their association at the junctional area ( Fig. 5B and C) . Moreover, occludin appears to be hyperphosphorylated in the detergent-insoluble fraction following short-term hypoxia (Fig. 5D) .
The signalling pathways underlying the barrier changes were further investigated. Short-term hypoxia induced higher levels of PI3K and Akt in the detergent-insoluble fraction ( Fig. 6A and B) . Pretreatment with LY294002 and wortmannin (both are PI3K inhibitors), but not Akt1/2 inhibitor, reduced the short-term hypoxia-induced rise in TER (Fig. 6C-E) . In addition, short-term hypoxia lowered the phosphorylation level of Akt and its downstream molecules such as mTOR, FoxO1/O3a and GSK3 in the soluble fraction ( Fig. 6B and F) . The effect on the mitogen-activated protein kinase (MAPK) signalling pathway was also examined. Short-term hypoxia increased the phosphorylation of JNK, p38, ERK-1/2 and IκB in cells (Fig. 7A-D) . Pretreatment with SP600125 (a JNK inhibitor) decreased the hypoxia-induced rise in TER, whereas SB203580 (a p38 inhibitor) and PD98059 (an MKK inhibitor) did not ( Fig. 7E-G) .
Discussion
Clinically symptomatic bacteraemia is rarely reported in BAE case series (Lin et al. 2016; Kim et al. 2017) , even without routine prophylactic antibiotics. Our study shows, for the first time, objective evidence of bacterial translocation and risk of septic complication in sporadic cases. Our murine models of colonic distension by balloon inflation have indicated that despite intermittent hypoxia in tissues, no significant increase of intestinal permeability was observed in the colon. The epithelial cell culture studies showed that short-term hypoxia facilitated TJ assembly and fortified barrier function, in contrast to the severe barrier damage caused by prolonged hypoxia. Our study provided strong evidence that the procedure of balloon distension by BAE per se, if handled within a short time frame (<10 min), does not impose a higher risk for bacteraemia due to the strengthening of gut epithelial barrier integrity.
Our study aimed to investigate the effect of BAEinduced tissue hypoxia on the intestinal barrier. Sporadic cases of bacteraemia and endotoxaemia were observed in the cohort, suggesting risks of bacterial translocation J Physiol 596.15 after BAE. Previous clinical studies indicated that sedation increased the incidence of arterial oxygen desaturation in patients during procedures of upper gastrointestinal endoscopy (Patterson et al. 1995; Wang et al. 2000) . The use of supplemental oxygen through nasal cannulae during endoscopy reversed the hypoxia caused by sedation (Patterson et al. 1995; Wang et al. 2000) . The anaesthesia procedure with supplementary nasal oxygen was applied to our patient cohort, suggesting that blood oxygen levels were not altered in the study. Overall, the potential risk of intestinal barrier damage due to tissue hypoxia is present for all patients undergoing BAE. A larger cohort study is needed to correlate the risk of bacteraemia with procedure factors (oral vs. anal route of administration, depth of balloon insertion to small bowels and duration of BAE procedure) and with patient factors (gender and immunocompromised status).
Our data of prolonged hypoxia causing cellular detachment and epithelial hyperpermeability are in keeping with previous findings. Numerous in vitro and in vivo studies have demonstrated cell death-dependent epithelial barrier disruption following long-term hypoxia exposure (Baylor 1000 Vehicle ( (red) were superimposed on the cell nuclei (blue) stained by a Hoechst dye in the merged image. Magnification: 400×. * P < 0.05 vs. vehicle. * * P < 0.01 vs. vehicle. N = 4 per group. Moreover, Caco-2 cells were exposed to hypoxia (Hx) and reoxygenation (R) to examine the changes in TER values. E, cells exposed to Hx for 1 h exhibited a rise in TER which returned to baseline after 30 min of reoxygenation. * P < 0.05 vs. baseline. F, cells were exposed to three cycles of Hx for 1 h followed by reoxygenation for 1 h. The Hx-induced TER rise returned to baseline after reoxygenation in all cycles. * P < 0.05 vs. R. n = 6 per group. Diebel et al. 2005) , pathogen infection (Jones et al. 2000; Scott et al. 2002; Kalischuk et al. 2007) , mitochondrial stress and energy depletion (Nazli et al. 2004; Lewis & McKay, 2009 ), proinflammatory cytokines (Gitter et al. 2000) , and cytotoxic T cell stimulation (Abreu et al. 2000) . Hypoxia-induced epithelial cell death was partly mediated by the increase in mitochondrial free radicals and oxidative stress, and a drop in cellular energy (Huang et al. 2013 . Moreover, death-independent TJ disruption was also found in models of oxidative stress, such as S-nitroso-N-acerylpenicillamine (a nitric oxide donor) (Wu et al. 2011) . Nitric oxide at low doses triggered PKCζ-dependent disruption of ZO-1 and occludin without affecting cell viability (Wu et al. 2011) .
Therefore, prolonged hypoxia associated with free radical synthesis may induce epithelial barrier disruption in a cell death-dependent or -independent manner, suggesting that the time frame of balloon inflation during BAE should be minimized to limit its effect on gut permeability. It is noteworthy that acute short-term hypoxia (5 min) is sufficient to induce a significant increase in TER values in epithelial cells and to promote TJ protein assembly above baseline. The reversibility of TER change following reoxygenation suggests that the phenomenon is a physiological process. The reversal of TJ damage and recovery of barrier function by cellular mediators were previously implicated in the mechanism of wound healing, including prostaglandin (Blikslager et al. 1999; Little et al. 2003) , . Signalling pathways of MAPK in Caco-2 cells following short-term hypoxia Human Caco-2 cells were exposed to normoxia (Nx) or hypoxia (Hx) for 1 h, and the phosphorylation levels of (A) JNK, (B) p38, (C) ERK-1/2 and (D) IκB in the detergent-soluble fraction were examined by Western blots. * P < 0.05 vs. Nx. n = 4-6 per group. E-G, cells were pretreated with SP600125 (a JNK inhibitor), SB203580 (a p38 inhibitor) and PD98059 (a MKK inhibitor) prior to hypoxia, and the TER values were measured. * P < 0.05 vs. Nx. # P < 0.05 vs. vehicle. n = 3-5 per group.
glucocorticoids (Woo et al. 1999; Boivin et al. 2007) and erythropoietin (Shiou et al. 2011) . Various types of nutrients such as flavinoids (Suzuki & Hara, 2009 and short-chain fatty acids (as fermentative products of bacteria) (Fukuda et al. 2011; Ploger et al. 2012; Machiels et al. 2014; Devriese et al. 2017 ) also showed epithelial barrier-fortifying effects. The increase of epithelial barrier integrity associated with TJ protein reorganization by the aforementioned mediators and nutrients is mediated by PI3K and PKCδ signalling pathways (Woo et al. 1999; Little et al. 2003; Suzuki & Hara, 2009 ). In studies with endothelial cells, MAPK was involved in claudin-1 phosphorylation and an increase of barrier function (Fujibe et al. 2004) . Abundant studies have indicated a protective role of hypoxia-inducing factor (HIF) and its downstream transcriptional molecules (such as trefoil factor and Ecto-5'-nucleotidase) for protection of gut barrier integrity in animal models of colitis (Furuta et al. 2001; Synnestvedt et al. 2002; Kelly et al. 2015) . However, the short time frame of hypoxia in our cellular model suggests that HIF is not involved in the acute changes of TJ protein reorganization. Our studies indicated that the rapid and reversible trafficking of TJ proteins to cytoskeletal-associated regions by short-term hypoxia is partly dependent on the PI3K and JNK pathways. The intestinal epithelium is situated at the interface between the aerated body proper and anaerobic gut lumen. Therefore, intestinal barrier fortification upon short-term hypoxia may be a cytoprotective mechanism that has evolved by epithelial cells for maintenance of gut homeostasis.
In conclusion, sporadic cases of bacteraemia were found following BAE, without septic symptoms. Gut tissues responded differently to short-and long-term hypoxia induced by balloon distension. The short-term procedure yielded a protective effect whereas the long-term procedure caused damage to the epithelial barrier. The data suggested avoiding prolonged balloon distension in the gut to reduce the risk of hypoxia-induced barrier dysfunction and subsequent bacterial translocation.
